We have established methodology for the isolation and characterization of a novel endophytic fungus from the inner bark of medicinal plant Nothapodytes foetida, which produced camptothecin in Sabouraud broth (SB) under shake flask conditions. Camptothecin and its related compounds are at present obtained by extraction from intact plants, but fungal endopytes may be an alternative source of production. In present study we have observed the effect of different nutrient combinations and precursors (tryptophan, tryptamine, geraniol, citral, mevalonic acid and leucine) on the accumulation of camptothecin by endophytic fungus Entrophospora infrequens. The precursors were fed either alone or in combinations (tryptophan and geraniol, tryptophan and citral, tryptophan and mevalonic acid, tryptophan and leucine). The highest camptothecin content was observed in the range of 503 ± 25µg/100g dry cell mass in Sabouraud medium.
INTRODUCTION

Camptothecin (CPT) is a monoterpenoid indole alkaloid (Fig. 1a) originally isolated from Camptotheca acuminata
Decne (47) . Various other plant species such as Ophiorrhiza mungo, Ervatomia hyneana and Nothapodytes foetida are also known sources of CPT (1).The supply of this phytochemical depends primarily on the availability of aforesaid plants and mainly on C. acuminata. Many parts of this plant can be used to extract camptothecins (31) . CPT is known for its amazing inhibitory action against tumour cells by blocking the eukaryotic topoisomerase-I (48) and also for its activity against the human immunodeficiency virus (HIV) (38) . Although a lot is known about the pharmacological effects of CPT and also *Corresponding Author. Mailing address: Indian Institute of Integrative Medicine (Formerly Regional Research Laboratory), Canal Road, Jammu Tawi-18001, India.; Tel.: +91-191-2569000-10; Fax:+91-191-2569333.; E-mail: touseefamna@gmail.com attempts have been made to produce CPT from plant cells and tissue cultures, yet the yield has been low (42) . Moreover, the over exploration of this source rendered the plant as an endangered species all over the globe, especially in China. The gene pool of this plant is very small in countries like USA (32) . The optimization of culture medium, the supply of biosynthetic precursors and genetic engineering are among the strategies adopted to increase alkaloid production in vitro (46) . The production of CPT by endophytic fungi was initially reported by our group in 2005 (39) . This important anticancer drug precursor molecule was obtained from endophyte RJMEF001 identified as Entrophospora infrequens". Recently other workers (25, 41) have also reported the use of endophytes for the production of camptothecin and its analogues isolated from the hosts Camptotheca acuminata and Nothapodytes foetida respectively.
However, there are no published reports of successful industrial scale-ups about this molecule. In continuation of our previous work (39, 2, 3, 40) on microbial chemistry of endophytic culture, herein, we demonstrate the outcome of media manipulations and precursor's treatment on the production of CPT from RJMEF001.
Besides, surface culture fermentation (3) studies, solid-state fermentation was also carried out. Additionally, the mechanism of action of fungal CPT on human cancer cell lines was also studied.
The HL-60 cells were treated with CPT isolated from the fungal source and the morphology of treated cells was analyzed by electron microscopy. Admittedly the RJMEF001 endophyte is neither a robust nor a high level CPT producer as compared to what was found in host plants. But both the tryptophan and leucine appeared to be useful precursors of CPT to enhance the production in fungal culture-RJMEF001.The present study is only the early step. Nevertheless, the present observation will certainly shed light in optimizing the detailed biosynthetic pathways of such alkaloids by using the labeled precursors in fungal cultures. 
MATERIALS AND METHODS
Collection
Isolation and screening of CPT producing endophytes
The fungal endophytes were isolated using methods described by Arnold et al. (4) and Puri et al. (39) . Briefly, small stems explanted from N. foetida plant were surface sterilized, rinsed with sterilized distilled water and inner tissues were isolated and placed on aqueous agar in petriplates. At 28 ± 2° C, growth was found to be initiated. The tips of fungal hyphae were placed on mycological medium to obtain pure fungal culture, which was then transferred to a number of solid and liquid media, which supported the fungal growth. To establish the de novo production of CPT by the isolated fungi, the growing mycelia were serially transferred several times to fresh mycological agar to eliminate the possibility of the fungal hyphae carrying even minute amounts of CPT from the host plant material.
Optimization of medium composition for the optimal production of CPT
For the production of CPT by RJMEF001 culture, spore suspension (10 5 spores ml -1 ) of the culture was inoculated in
Erlenmeyer flasks (500 ml) with different mycological broths (100 ml 
Anma, T. e t a l .
Anticancer pro-drug camptothecin from endophytic fungus noculated control samples were also processed by usual Uni procedures.
Treatment of human cancer cell lines with fungal CPT
The human cancer cell lines procured from National Cancer Institute, Frederick, U.S.A or National Cancer for Cell Science; Pune, India, were used in present study. Briefly, HL-60 cells were grown in tissue culture flasks in complete growth medium (RPMI-1640 medium with 2 mM glutamine,100 μg streptomycin, pH 7.4, sterilized by filtration and supplemented with 10% fetal calf serum and 100 units/ml penicillin before Anma, T. e t a l . Anticancer pro-drug camptothecin from endophytic fungus OX) and the images were taken at fferent magnifications.
RESULTS
Isola
stud was one of 52 endophytic fungal colonies isolated from olasses medium) was used for early and prof sporulation.
Effe t cell mass of 1.84 gl -1 in osmotic stress broth with 10% NaCl (Fig. 2 b) . Various growth media (Table 1 ) were tried at shake flask level to find the appropriate media for the optimum growth of the organism and CPT production. High CPT production of 503  25 µg/100 g dry cell mass was observed when RJMEF001 was grown in SB (M 18 ) with maximum dry biomass in the range of 14  1 gl -1 (Fig. 2a, b) . The CPT production in SB supplemented with trace elements magnesium sulphate (0. 
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G onary conditions
The mycelial mat formation started after 3 days of incubation time and complete mycelial mat formation was observed at 8 th day. The maximum mycelium was found to be 16± 0.94 gl -1 at 7 th day, which increased during the course of incubation period and peaked (22± 0.80gl -1 ) at 21 days. The pH of the medium decreased from 5.6 to minimum of 4.5 (Fig. 3a) .
CPT was followed as a function of time in still culture. The mycelia and broth extracts of fungus were found to accumulate CPT in trace amounts after 7 days of incubation period. The CPT peaked at 21 days of incubation and rapidly declined after 28 days (Fig. 3b) , however the biomass continued to grow. The 390.78  20 µg/100 g dry weight on wheat bran and wheat bran supplemented with SB respectively was observed at 21 days (Fig. 4a) , thereafter decline in the production was observed.
However the maximum biomass of 13 ± 1.0 gl and 14 ± 1.0 gl -1 (Fig. 4b) on wheat bran and wheat bran supplemented with -1 sabouraud broth respectively was observed at 14 days (Fig. 4d,   e ).
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Effect of fungal CPT on morphology of human cancer cell lines
In order to study the mechanism of action of CPT on human cancer cell lines, the light microscopic studies of untreated and CPT treated HL-60 were done. The untreated HL-60 cells are spherical in shape and have large sized nuclei leaving cytoplasm only to the periphery (Fig. 5a b) . After treatment, the cell showed apoptotic morphology such as reduction in size, condensation of nuclei and vacuolization of cytoplasm (Fig. 5c d) . The nuclear fragmentation was also seen (Fig. 5e f) . The treated cells showed reduction in size, condensation of nucleus and the protoplasmic extensions were reduced. All these characteristics are found in apoptotic cells. production, so the addition of host by products may be equally of plant secondary metabolites; over 12000 alkaloids have been effective. This metabolic response to specific chemical cues is characterized from the plant kingdom (17) . Tryptophan recursors are to be used for the biosynthesis of fungal etabolites. CPT was produced by endophytic fungus JMEF001 by surface culture and solid-state fermentation and eir physiological and kinetic properties were also studied.
he type of culture method used influenced the kinetic and hysiological properties. The composition of the production edium is key parameter in optimizing SSF process also ecause nutritional factors such as the carbon source and the production of metabolites, (20) enzymes, (13) and spores (27) . The use of supports impregnated with liquid media offers additional flexibility when designing the medium for the optimal production of metabolites, enzymes and spores. In the present study it was observed that the production under surface culture conditions is approximately nine folds higher than the production by solid-state culture. One of the differences between SSF and surface cultures is that in the former the moisture content of the substrate is low, resulting in a limitation of the growth and metabolism of microorganism.
bioenergetically sound. Varying the fermentation protocols in the synthetic media can also greatly affect the production and diversity of secondary metabolites. Adding high levels of one nutrient or trapping another nutrient may result in substantial differences in secondary metabolite production. (44) .
Productivity amplification is relatively easy in microorganisms.
In the case of penicillin, improved culture conditions and genetic manipulation of developing strains of penicillium increased drug yield from a few micrograms per milliliter to thousands of micrograms per milliliter (14, 19) . Different bioactive compounds can be produced by altering culture conditions. The antibiotic aplasmomycins was produced by
Streptomyces griseus SS-20 only after the addition of NaCl to the medium (36) . Directed changes in the culture conditions can be explored indefinitely as a means of optimizing biosynthetic pathways that may lead to even more effective analogues (37) . With this background, in the present study, the production of secondary metabolite (CPT) from endophyte-RJMEF001 in response to the media manipulation was examined. SB was found to be the best medium, among the various growth media tried for the production of CPT. After optimizing the medium for the best possible CPT production, stimulation of the production of pentacyclic alkaloid CPT by biogenetic precursors and elicitors in fungal culture was studied. Alkaloids form one of the most widely studied groups (28, 24, 23) , tryptamine (24,9,5), mevalonate (30, 34, 7, 21, 35) , geraniol (21, 8, 33, 29, 16) Anticancer pro-drug camptothecin from endophytic fungus
